
5:ECHxTiCAL 90TES 
RATIONAL ADVtgOfiY COitWlTTEE JOE ASHOIIAUTICS 



Ho. 433 



5SB PRESSURE BISTRIBUTIOU OVER A STANDARD AND A 

MODIFIED NAVr ELLIPTICAL fflTTCJ TIP ON A BIPLANE IN FLIGHT 

3y Richard Y. Rhode 
■ Langley Memorial Aeronautical La'boratory 



HLE-GOPY 

Te be returned to 
the mes of the Ungley ^ 
MHmon':?! Aeronautjct^ 
LdhtCbitory, 



Washington 
OctQDer, 1S32 




3 1176 0 



NJLTIOHAL ADVISORT COI.:i;iTTEE PGR AEHOilAUTICS 



TECENICAL HOTS HO. 433 



THE PRESSURE DISTRIBUTION OVER A STAFDARH AI^D A 
HODIFIED NAVY ELLIPTICAL WIHG TIP OIT A BIPLAHS 11^ FLI&HT 



By Richard V. Rhode 



SUMMARY 



This note presents the results of flight pressure dis- 
tribution tests on the right upper wing panel of a Dou^,las 
M-3 airplane equipped in turn with a standard Kavy ellipti- 
cal tip and a t ip having the same plan, form "but modified in 
its front elevation from the "swept-up" aspect of the stand- 
ard tip to a symmetrical aspect. 

The results are given in such form that the load dia- 
trihution for any normal-force coefficient within the usu- 
al range encountered in flight may easily "be determined. 
The results indicate that the modification in front eleva- 
tion of the tip had no approciahle effect on the load dis- 
trihut ion. 



IHTRODUCTIOH 



This note presents the results obtained in pressure- 
distribution tests in flight of a standard Navy elliptical 
tip and a modified Havy elliptical tip. These tips consti- 
tute the sixth and seventh tips of a series under investi- 
ga.tion* Results of tests on five tips have already been 
reported: the "Douglas" tip in reference 1; the square tip, 
both with and without faired end, in reference 2; the semi- 
circular tip in reference 3; and a modified elliptical tip 
in reference 4. 



During the tests herein reported, a rounded tip of the 
Douglas form (see reference l) was used on the right lower 
panel below the tips under investigation. Howevej^, as was 
shown by previous tests (reference 2), the results obtained 
on the upper wing may be considered to be unaffected by the 
shape of the lower tip. 

The tests were made at Langley Tield, Va. , by the 
national Advisory Committee for Aeronautics, late in 1931. 
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IJETHODS AND APFAEATUS 



The M-3 air.plana that was used in these tests is a nor- 
mal "biplane having, however, an aspect' ratio somewhat higher 
than usual. The characteristics of this airplane are given 
in Table I. The shapes of the two wing tips are givea in 
Figurje 1 and the ordinates of the profiles in Tahles II and. 
III. The Clark Y section was ' maintained throughout the spaii. 

In the case of the standard Navy elliptical tip, the 

shape is auch that the locus of points on .the upper surface 
of the wing at the 50 per cent chord location is a straight 
line out to the extreme tip. It will he noted in Jlgure 1 
that this feature of the design results in a swept-up_ appear- 
ance of the tip' in elevation. In the case of the modified 

tip, the- iplan' form and other features of the design . remain ^ 

,the. same as those of the standard tip with the exception that 
the projection on a spanwise plane normal fo the lower aurface 
of the wing of the locus of the maximum mesn camber pp'iiit.s is 
a .straight line. This modification results in a symmetrical 
appearance of .the tip in front elevation, and thus conforms 
the tip in that respect to the tips previously tested, except 
the Douglas tip. 

The wings were rigged .with a washin of about 0.2^. De- 
flection measurements previously made (reference l) indicated 
that this amount, would be sufficient to approximately crfncel 
the . tor sional deflection at the low angles of attack. How- 
ever, at high angles of attack the torsional deflection is 
practically zero (reference l), and the rigged wasiiin tljsre- 
fora resulted in an "effective twist." This twist was such a 
small percentage of the angle of attack in this condi^'on 
that it had a negligible effect on the results, and conff"B- 
quently they can be considered to represent closely the con- 
ditions for zero wing twist throughout the range of angle of 
attack investigated. 

The same procedure was followed in these tests as was 
used in. the previous tests. (References 1, -2, 3, and, 4.) As 

in the case of the square tip, the extra p^essu-:'e rib X 
(fig., l) was connected in place of rib C _ in approximately 
one-half -^he runs. Although it was 'not possible to measure 
simultaneously . the preas'nres at ribs X and C, sufficient 
information was obtained on both ribs to establish the span 
load and the moment cur"\res at stations X and C. 
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A fev ribs, particTalarly on tTie standard Havy tip, 
were inadvertently . "biailt- in to have - a'b out l/2^ incidence 
with respect to -adjacent ri"bs.. This peculiarity in the 
construction resulted in slightly unfair span~load curves, 
but correct ions- were applied to the results by shifting 
the affected individual rib • Ow curves a" slight amount so 
that all rib Ojj curves passed, simultaneously through zero 
lift . ■ . ■ ■ • 

All measurements yrere made in unyatred condition's of 
flight. 

, PRBOISIOK 



As mentioned in references 1 and 2, the accuracy of 
these t est s ■ was';maintained at .a relatively high level, 
largely because of the installation of all . instrument 3 in 
an insulated compartment, which ?ras .kept at a constant tem- 
perature. The discussion of precision given in reference 1 
applies to all measurements given, as no changes trere made 
in apt)aratusi methods • or procedure. 



EESULTS 



The results are given in S'igures 2, 3, and 4, and in 
Tables VI to X, inclusive. Tables VI and VII do not in- 
clude all 'of the data obtained but contain only a number of 
representative s.ets of pressure data through the range of 
the tests. The coefficients referred to in' these' tables 
are defined as follows: 

. _ wing normal force 

Wing Cjf - ^ ^ ^^^^ ^^^g^ 

_ _ rib normal f or ce (per unit span ) 
a lb 0 J, - - ^ ^ ^^^^^ 



Rib Cm = 



mom'ent of rib normal force about L.E. 
q X (rib chord)* 



The curves of . ffigujes 2, 3, fend 4 were established , by 
a large number of points as in figures 6 and 7 of reference 
1, but the points ^ere' om'itt ed to avoid confusion. Since 
no differences outside of -the experimental error- were ob- 
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ser.ved "betreen the correct 34. ■spa-n-load curve s./fo,r. the stand- 
ard and modified- t.ips,. ■hoth af "these ti.p.s' afv© represented "by 
Figure 2. The curv-es .for the -root section nere. iobtained. "by 
extrapolating span Cjj ctirye's; and ppan .Ojjj. . c'ur.yes from 
cons iderahle -data. Owing to- the extrapol-aib'lon, the curves 
■ 6,0 not represent the true, c'ondit ions ..near the .fu.s'elaee and 
iu the slipstream, hut represent more nearly the ideal con- 
ditions in which there is no effect from fuselage and' pro- 
peller. 

Tables VIII, IX, and X give coordinates of the curves 

of Figures 2, 3, and 4 to al-l-orr their construction on a 
larger and more accurate scale, if so desired. To use Fig- 
urea 2, 3, and 4: Por any wing C-^r ( or , ' pract ically spealf- 
Ing, for' any wing lift coefficient), the span Ct^ distri- 
hution may he ohtaiiied from Figure 2 hy plotting* the corre- 
sponding va-luefs ,0:? rd^b.-Oif. at their prop.er loc.ations "oji, ,- 
the spa.n, ;ha-se^ line a,s. de.t.erm.ined from Figu^-a^lt . The. valuiies 
of rib 0^ •corresponding " to these values 'of .rib ^ ...CJ. - may 
be determined; from. Figures 4 or 5, a.nd the csivtejrl oT. pres- 
sure locus can be drawn from the . relation ! . C.^^ = Cja/.Ovf. To 
obtain the span load distribution, the ordinates of the span 

curve must be reduced at the tip in the same ratio as 
the reduction in chord length. •. 



..DISCTJSSIOK 

Ko differences outs.ide the limits o,f „exp,erimental e"r- 
rors were observed bet^7e.en the curves of rib G« against 
wing Cjj for the txto tips other than -the slight shifts 
previouslj'' mentione'd, which could be accounted for by 
slight variations in individual pressure-rib incidence. It 
may therefore be concluded that moderate changes in front 
elevation at the tip do 'not introduce appreciable aerody- 
namic .effects in unyawed conditions. 

The differences betT^een the moment curves for the tvro 
tips were sufficiently pronounced to require |>resentat ion 
as ' t w6- e epar'a;t e sets "of data. A- cons iderable jjart of these 
differences may ,■ ahowever , be attribut-ed to e>rper imental er- 
ror and it is probable also that another considerable part 
of these ■ diff erences may properly be at t ribut-«d- • t 0 .'tinin- 
.tended differences in-:wing shape such.'as ■ thQs0'.,lndicated;:in 
SJablfes II and . Ill . ■ .; In any case, allowing .• for lali.' 9 oui'ces 
ef error, the moment curves for the- t wo • t ips- are ■ in' suf f i~ 
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ciently good agreesient to justify the assertion that , for 
practical purposes of design, moderate clianges in front 
elevation at tlae tip result only in inapprecia.'ble differ- 
ences in the load distribution in uuyawed .conditions . 



Langley Memorial Aeronautical Laboratory, 

National Advisory Committee for Aeronautics, 
Laneley Field, Ya., SeptejKter 27, 1932. 
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TABLE I 

CHARAOTBRISTICS OF DOU&LAS l£-3 AIRFLA2IE 

Type Siplane 

Airfoil Clark Y 

Span (■upper and lower) 45 ft. 10 in. 

Chord (upper and lower) 5 ft. 8 in. 

G-ap 5 ft. 0 in. 

Stagger ITone 

e.g. in per cent of chord 29 

*2Iavy elliptics 
and 

modified llavy 
elliptical 

Areas (scL-ft.): Original Eight upper 

Right upper xring including aileron . . 126.4 124.5 
Right lower wing including aileron . . 126.4 125.4 

Total wing area 505.6 503.7 

Horizontal tail surfaces 58.0 

Vertical tail surfaces 17.7 

Weight during tests 4,840 lb. 

Engine Liherty 

Rated hp at 1,7 50 r. p. m 420 

Power loading . r 11.52 lb. /hp 

Wing loading 9.57 Ih. /sq.ft. 

* Left wing panels remained unchanged. 
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SABLE! II 

COMPARISOIT OP SFECIPIED MD KEASURHD OHDIHATSS OF ESSSSDHB BIBS 

(Standard }Tavy Zlliptical Tip) 



Station 

in 
^ chord 


Clark T 


1 

Rib X 


EiTj A 


Rib 1 


Riti C 


Rib D j Hit E 


Rib 1 ^ 


TTpper 


Lower 


Upper 


Lower 


Upper 


Lower 


Ifpper 


Lorer 


Upper 


Lower 


Upper 


Lower j Upper 


Lower 


Upper 


Lower |t» 

• 


0.00 
1.25 
3.50 
5.00 
7.50 
10.00 
15.00 
20.00 
30.00 
40.00 
50.00 
€0.00 
70,00 
80.00 
90.00 
95.00 
100.00 


3.50 
5.45 
6.60 
7.90 
8.85 
9. GO 
10.685 
11.36 
11.70 
11.40 
10.515 
9.148 
7.35 
5.216 
3.802 
1.494 
.12 


3.50 
1.93 
1.466 
.933 
,629 
.43 
.15 
.033 
,00 
.00 
.00 
.00 
.00 
,00 
.00 
,00 
.00 


3.40 
5.47 
6.53 
7.90 
8.82 
9.65 
10.61 
11.21 
11.67 
11.30 
10.48 
9.19 
7.35 
5.38 
2,90 
1.65 
.37 


3.40 
1.84 
1.29 
.87 
.51 
.41 
.18 
,05 
.00 
.00 
.00 
.00 
.09 
.00 
*00 
.00 
.00 


3.49 
5.56 
6.52 
8.00 
9.05 
9.74 
10.76 
11.26 
11.73 
11.36 
10.48 
9.19 
7,36 
5,33 

lo52 
.23 


3.49 
1.93 
1.47 
.97 
.65 
,46 
.28 
,09 
.00 
,00 
.00 
-.05 
.00 
.00 

-.UD 

-.09 
-.23 


3.36 
,5.34 
6.38 
7.90 

e.9i 

9.55 
10.67 
11.25 
11.81 
11-40 
10.58 
9,42 
7.68 
5.65 

n n 1 

o.cx 
2.02 
.74 


3.36 
1.79 
1.33 
.83 
.28 
.32 
.14 
.05 
.00 
.05 
.03 
.09 
.09 
.18 

.14 
.00 


3.49 
5.42 
6.43 
8.00 
8,96 
9.65 
10.62 
11.26 
11.81 
11.45 
10.58 
9.25 
7.67 
5.70 

IT m 
O .OJL 

2.02 
.65 


3.49 
1.84 
K38 
.87 
.46 
.52 
.18 
.05 
.00 
.00 
.05 
.14 
.14 
.23 

•1 rt 
. AO 

.09 
.00 


3.17 
5.17 
6.25 
7.65 
8.69 
9.53 
10.60 
11.28 
11.62 
11.41 
10,45 
9.06 
7.23 
5.00 

r> CO 

1.22 
-.06 


3.12 
1.56 
1,08 
.69 
.44 
.30 
.11 
-,05 
-.05 
,00 
-.05 
.00 
.00 
-.05 

An 
— a yjn 

-.14 
-.14 


3.65 
5.53 
5.75 
7,99 
8,93 
9.52 
10.76 
11.40 
11.70 
11.40 
10.65 
9.18 
7.41 
5.17 

fJm liJ 

1.43 
.13 


3.65 
2.24 
1.54 
1.19 
.88 

.28 
.00 
-.11 
-.11 
-.06 
.00 
,00 
.00 

.00 
.00 


2.83 
5.18 
5.93 
7.05 
8,40 
8.94 
10.27 
10.93 
11.41 
11.41 
10.84 
9.51 
7.74 
5.96 

■3 QK 

£.62 
,66 


2.80 ? 
1.11 
.75 

-36 ^ 
,09 o 

-.09 B 

-.30 

-.48 > 

-.48 ^ 

-•30 * 
o 

.00 

.00 ^ 
.09 • 

HQ .IV 

.18 S 
.18 



Note: All ordinate s given ai"e in per cent of chord. 
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TABLB III 



Cfodified STevy Elliptical Tip) 



Statioo 
in 

chord 


Clark T 


Elb X 


Ri"b A 




Rib C 


Rib D 


I'" 

Rib E 


■ 

Rib 5 










Uipper Lower 




JjU wcl 


Upper j Lower 




1 


Urner ' lorer 


upper 


Lower 


0.00 


3.50 


3,50 


3.40 


3.40 






3.36 


3.36 






3.28 


3.28 


■7 yip 


■ ■ 

1. AO 


3.58 


3.58 


1.25 


5.45 


1.93 


5.4?' 


1.84 






5-34 


1,79 


^ £Z 
o • 




5.34 


i.ei 






- 


1.72 ■ 


2.50 


6.50 


1,466 


6.53 


1.29 


6.52 


1.47 


6=38 


1.33 


6,43 


1,38 


6.31 


1,41 


6.44 


1.47 


6.59 


1.32 


5.00 


7*90 


.933 


7.90 


,87 


8.00 


97 


7,90 


.83 


B.OO 




7.84 


.93 


7-ftfi 

f « OD 


OA 


7.92 


.93 


7.50 


8.85 


.629 


8,83 


.51 


S.05 


.65 


8.91 


.28 


8.96 


.46 


8.78 


.58 


8.84 


.56 


8,79 


.57 


10.00 


9.60 


,42 


9.65 


.41 


9.74 


.46 


9.65 


.32 


9.65 


.32 


9.51 


.38 


9.54 


.11 


9.64 


.39 


15-00 


10.685 


.15 


10-61 


.18 


10.76 


.28 


10.67 


.14 


10.62 


.18 


10.56 


.11 


10.60 


.00 


10„65 


.18 


20.00 


11.56 


.033 


11.21 


.05 


11.26 


.09 


11.26 


.05 


11.26 


.05 


11,19 


.00 


11.25 


.00 


11.22 


.00 


30.00 


11.70 


.00 


11.67 


.00 


11.73 


.00 


11.81 


.00 


11.81 


.00 


11.63 


.00 


11.66 


.00 


11.35 


.00 


40,00 


11.40 


.00 


11. so- 


.00 


11.36 


.00 


11.40 


.05 


11.45 


„00^ 


11,29 


.00 


11.35 


.00 


10.99 


.00 


50.00 


10.515 


.00 


lo, 48 


.00 


10.48 


.00 


10.58 


.03 


10,58 


-.a 


10,45 


-.05 


10.46 


-.06 


10.23 


.00 


60.00 


9,148 


.00 


9.19 


.00 


9.19 


-.05 


9.42 


.09 


9.25 




9.16 


-.05 


9,22 


,00 


8.91 


.00 


65.00 


8,30 


.00 


8.27 


.05 


8.27 


.00 


8.54 


.09 


8.45 


.14 


8,26 


-.05 


8.27 


.00 


8.00 


.00 


70.00 


7o35 


.00 


7.35 


.09 


7.36 


.00 


7,68 


.09 


7.67 


.14 


V.31 


.00 


7,35 


.00 


7.07 


-.09 


80,00 


5.216 


.00 


5.38 


,00 


5.33 


.00 


5.65 


.18 


5.70 


.23 


5.30 


.00 


5.27 


-.06 


5.00 


.00 


90,00 


3«S02 


.00 


S„90 


.00 


2.80 


-.05 


a. 31 


.23 


3,31 


.18 


2.83 


.00 


H,8iJ 


,00 


2.66 


.00 


95.00 


1,494 


.00 


1.65 


.00 


1.52 


-.09 


2»02 


.14 


2.02 


.09 


1.43' 


-.05 


1.59 


,00 


1,42 


.00 


100.00 


.12 


,00 


.37 


,00 


.23 


-.23 


.74 


.00 


.65 


.00 


.19 


.00 


.25 


.00 


,18 


.00 



a 

m 



0 

o 

13* 

P 
V* 

O 
& 

!^ 
O 
el- 
O 



u 



Hote; All ordin&tes given are In per cent of chord. 
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lABLE IV 

OHIFICS LOCATIOUS IS PER CENT CHORD PROM LEADIUe EDGE 
(STAIIDAHD NAVY ELLIPTICAL TIP) 



Orifice 

;to. 


Rib 


X 


A 


•Q 
S 


u 


Tl 
Xf 


Hi 


j! 


1 




1.47 


1.54 


1 .47 


1.47 


1 . 64 


1 .79 


3. 52 


2 




2.94 


3.06 


2.94 


3.02 


3.20 


3. 57 


5.87 


3 




4.41 


4.45 


4.41 


4.49 


8.02 


5.98 


7.92 


4 




5 . 62 


6. 69 


6.70 


6.69 


13.13 


9.78 


13.04 


5 


13.24 


13.31 


13.30 


13.30 


19.37 


15. 62 


19.28 


6 


25.00 


25.00 


25.00 


25.00 . 


29.40 


26. 95 


34.10 


7 


41.18 


41.30 


41.40 


41.30 


42.90 


40. 35 


51.95 


8 


58 . 95 


59.50 


59.10 


58.80 


59.45 


57 . 90 


56, 95 


9 


72.30 


73.70 


72.00 


72.30 


81. 65 


7 5. 30 


80.95 


10 


94.20 


94.40 


94. 50 


94.40 


90.80 


89.80 





10 



N.A.C.A, Technical Note iro»."'433 



TABL35 .1 

ORIflCE LOCATIONS IN PER CENT CHORD FROM : HEADING EDGE 
C^'ODII'IED NATY ELLIPTICAL TIP) 



Orifice 
No. 


Ri"b 


X 


A 


B 


0 


D 


E 


P 


1 


1.47 


1 . 54 


1 . 47 


1 . 47 


.1.68 


.1 . 83 


3. 31 


3 


2.94 


3.06 


2.94 


3.02 


3.30 


. 3.78 


6.32 


S' 


4. 41 


4.45 


4.41 


4.49 


8.25 


.5.95 


9. 63 


4 


6.62 


6.69 


6.70 


6.69 


13.44 


.9.73 


13.18 


5 


13.24 


13.31 


13 . 30 


13.30 


19.75 


15.62 


19. 50 


6 


25.00 


25.00 


25.00 


25.00 


29. 54 


26.91 


34.40 


7 


41 .18 


41 . 30 


Al . 40 


41.30 


43.20 


40. 51 


52.20 


8 


58. 95 


59.50 


59.10 


58.80 


59.80 


58.05 


67.30 


9 


72.30 


73. 70 


72.00 


72.30 


82.35 


75.40 


87.10 


10 


94.20 


94.40 


94. 50 


94.40 


91 . 65 


. 90 .20 
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TABLE VI 

EECOHDED PRE3SUHES IlN 1<ULTIPLS3 03" q 
(STAITDARD HAVT ELLIPTICAL TIP) 



Wing C]j = 0.000 



Orifice 


Eilj 


A 


B 


0 


D 


E 


I 


1 


-2.37 


-2.30 


-2.37 


-1.88 


-1.94 


-1.10 


2 


-1.61 


-1.42 


-1.38 


-1.28 


-1.29 


- . 58 


3 


-1.15 


-1.04 


-1.08 


-.45 


-.77 


- . 39 


4 


-.79 


-.70 


- . 69 


-.22 


- .30 


-.13 


5 


— . 26 


- .26 


-.25 


-.06 


-.08 


.18 


6 


.15 


.10 


.11 


.17 


.14 


.17 


7 


.29 


.22 


.17 


.25 


.23 


.23 


8 


.19 


.24 


.21 


,24 


.26 


.13 


9 


.19 


.15 


.20 


.15 


.19 




10 


.06 


.08 


.04 


.07 


.07 
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TABLE VI - CONTINUED • 
EEOORDED PHESSUEES IN MULTIPLES OP q 
(STAHDARD NAVY ELLIPTICAL TIP) 



Wing = 0.213 



Orifice 
No. 


Eib 


X 


A 




XJ 




I" 


1 . 


-0.91 


-9.94 


-1.10 


-1.07 


-1.00 


-0.56 


2 


-.51 


-.54 


.-.54 


- .64 


- .63 


- .06 


3 


-.15 


-.20 


-.27 


.07 


-.34 


.06 


4 . 


.11 


-.07 


.00 




.12 


.19 


5 


.23 


.28 


.21 


.30 


.31 


.26 


o 


.,.57 


• .33 


.36 


.36 


.33 


.32 


7 ■ 


. .38 


.53 


.41 


.36 


.38 


.32 


8 


.33 ■ 


. .28 


.33 


,30 


.34 


.14 


9 


.08 


.23 


.19 


.17 


.21 


.07 


10 


.07 


.07 


.04 


.09 


.08 
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TA3LE VI - CONTIKUBD 
EECORDED PHS3SUR3S I>T laULTIFLBS OT q 
(STANDARD jJAVY ELLIPTICAL TIP) 







Wing 


01^ = 0 


.344 






Orifice 
ICo , 




Y 
A 


A 


jj 


■n 

JJ 




£ • ' 


1 


0.04 


0.00 


-0.28 


-0.35 


-0.33 


0.00 


2 


.12 


.13 


.08 


.00 


- .08 


.36 


3 


.44 


.34 


.34 


■44 


.15 


.36 


4 


.60 


,55 


.35 


.42 


.41 


.44 


5 


.71 


.59 


.44 


.47 


.51 


.52 


6 


.73 


.49 


.54 


.52 


.46 


.36 


7, 


.42 


..58 


.46 


.43 


.51 


.37 


8 


.34 


.23 


.36 


.36 


.41 


.19 


9 


.25 


.22 


.15 


.14 


.19 


.18 


10 


.05 


.09 


.04 


.06 


.08 
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TABLE .VI •-• CONTINUTSD 
EICORDED PRSSSURES IN KULTIPLSS OF ■ q 
(STANDARD NAVY ELLIPT'ICAL TIP) 



Wing CjT = 0.580 



Orifice 
Ho . 


Sit 


A. 






D 




p 


— "—• ' ■ — 
1 


1.10 


■ 0.72 


0.69 ■ 


0.67 


0.62 


0.69 


2 


1.12 ■ 


1.10 


.8-4 


.79 


.60 


: .85 — 


3 


1.20 


1 .10 


.94 


.95 


.76 


,88 


4 


1.38- 


1.1*4 


1.09 


.83 


.92 


.83 


5 


1.14 


.90 


.90 


.82 


.-i97 


.76 


6 


.83 


.79 


.81 


.-.72 


773 


.58 


. 7 


.79 


.59 


.55 


-.59 


.65 


.55 


8 


.37- 


.39 


.40 


.37 


.45 


.37 


9 


.33 


.21 


.28 


.18 


.P,6 


.14 


10 


.07 ■ 


.10 


.02 


.08 


.08 
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TABLE VI - COHTIUUED 
RECORDED PRESSURES IN MULTIPLES OF q 
(STAITDARD NAVY ELLIPTICAL TIP) 



Wing 0]f = 0.908 



Orifice 
ITo. 


Ril> 

• 




A 

A 


Jo 


T\ 
U 


£» 


TP 
J! 




3.30 


2.63 


1.85 


1.67 


1,69 


1.62 


2 


2.90 


2.42 


2.08 


1.84 


1.55 


1.57 


3 


2.70 


2.35 


2.06 


1.61 


1.54 


1.45 


4 


2.61 


2.36 


1.93 


1.33 


1,54 


1..30 


5 


1.96 


1.79 


1.50 


1.18 


1.27 


1.21 


6 


1.60 


1.22 


.1.18 


1.02 


1,04 


.80 


7 


.99 


1.06 


.82 


.78 


.82 


.78 


8 


^68 


.50 


.52 


.55 


.61 


.53 


9 


: .44 


.39 


.26 


.26 


.35 


.30 


10 


!.17 


.13 


.07 


.11 


.14 


• 
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TABLE VI - OOIITINUED 
RECORDED PRESSURES lU inJLTIPLES OF q 
(STANDARD NAVY ELLIPTICAL TIP) 



Wing Os = 1.116 



UT 11 ice 

17 0 . - 


Rib 


X 


A 


B 


D 


E 


I 


1 


4.52 


3.86 


2.72 


"2.72 


2 ."55 


2.29 


2 


3.86 


3.39 


3.17 


.2.67 


2.16 . 


2.13 


3 


3.54 


3.31 


2.06 


2.15 


2.09 


1.86 


4 


3.31 


3.20 


2.82 


1.69 


2.02 


1.61 


5 


2.42 


2.38 


1.95 . 


1.47 


1.59 


1, 50 


6 


1.84 


1.55 


1.44 


1.21 


1.19 


.95 


7 


1.11 


1.20 


.96 


.93 


.96 


.94 


8 


.77 


.57 


. 54 


. 59 


.73 


.71 


9 


.48 


.38 


.27 


.27 


.38 


.40 


ao 


.16 


.11 


.10 


.14 


.18 
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TABLE VI - CONTINUED 
HEOOSDED PRESSUIES IN MULTIPLES o'e' q 
(STAN3ASD NAVY ELLIPTICAL TIP)' ' 



Wing Cjj = 1.242 



Orifice 
No . 




X 


A 


B . 


D 


E 


E 


1 


4.98 


• 4.26 


• 3.07 


3.04. 


2.64 


2.53 


2 


• 4.29 


•4.15 


3.44 


2.85 


2.28 


2. 36 


3 


4.27 


• 3.94 


3.27 


2.45 


2 ■ 2 2 


2.18 


4 


3.64 


3.55 


■ 3.09 


1.93 


2.00 


2.01 


5 


2.58 


2.59 


• 2.21 


1.72 


1-.84 


1.63 


6 


2.05 


• 1.71 


1.54 


1.33 


1.38 


1.20 


7 


1.26 


1.26 


1.05 


1.00 


1.05 


1.02 


8 


.81 


.65 


.53 


■ .65 


■ -.78 


.82 


9 


. 54 


,45 


.28 


.33 


.47 


.51 


10 


■ .20 


.15 


■ .12 


• • .18 


■.20 
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TABLE YI - COUITIIIUED 
RECORDED. PRESSURES . lU MULTIPLES OF q • 
(STANDARD NAVY ELLIPTICAL TIP) ' 



Wing. CiT "= -1 . 49S- 



Orifice 
Ho. 


Ri-b. 


X 


■ , A ■ ■ 


B 


D 


B 


* !• 


1 


S.22 


5.72 


4.15 


4.26 


3.87 


3.76 


2 


5.82 


5. 54- 


..4.; 50 


3.75 


3.29 


3.25 


r • 
O 


5.42 


4.99 


4.15 


3.10 


...3.08 


2.97 


4 


4.76 


4. 54 


4.01 


2.40 


2.70 


2 . 56 


5 


3.32 . 


.3.15 


2.75 


2.03 


2.31 


2.18 


6 


2.40 


2.08 


1.90 


1.59 


"1.76 


1.58 


7 


,1 . 49 


1.48 


1.19 


..1*20 


1.33 


1.47 


8 


.83 • 


.73 


.66 


.. .73 


.96 


1.24 


9 


.55 


.48 . 


.36 ■ 


.. .38 


.65 


.72 


10 


.24 


.17 


.13 


. .19 


.28 
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TABLE VII 

RECORDED PRESSURES IH KULTIPLBS OF q 
(ilODIJIED UAVY ELLIPTICAL TIP) 



Wing .C]f = -0.030 



Orifice 
No . 


RiT3 


X 


A 


S 


D 


. S 






■-2.39 


-2.39 


-2.54 


-2.26 


-2.35 


-1,12 


■ 2 


-2.03 


-1.71 


-1.82 


-1.11 


-1.-38 


- .86 


3 


■ -1.23 


-1.12 


-l.ll" 


-.56 


.--.77 


-.49 


4 


-.83 


-.79 


-.79 


- .40 


-.55 


-.27 


5 


■ -.22 


■ - . 34 


• - .27 


.04 


-.18 


.05 


6 


.16 


' .06 


.22 


.22 


• .lo' 


.14 


7 


.13 


.20 


.17 


.28 


• .20 


.24 


8 


.21 


.22 


.28 


.21 


• .19 


.06 


9 


.15 


.13 


• ■ .18 


.19 


■ .13 


.08 


10 


.06 


.06 


.05 


.08 


.03 
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TABLE VII - COlirTIirUED 
EECOEDED PRESSURES IK KULTIPLSS OJ q 
(MODIFIED NAVY ELLIPTICAL TIP) 



Wing On =0.218 



Orifice 
No. 


Rit 


A 


B 


0 


.. D 


■ E 




1 

X 


-1.20 


-1.35 


-1.20 


-1.24 


-1.18 


-0,45 - 


2 


-.68 


-.76 


-.73 


. . 33 


- .64 


- . 34 


3 


-.19 


-.34 


- .36 


-.09 


-.17 


-.17 


4 


-.09 


.00 


- .09 


.00 


.04 


.19 


5 


.16 


.24 


.17 


.27 




.26 


6 


.37 


.43. 


.39 


.49 


.31 


.34 


7 


.45 


. 38_ 


.39 


.39 


■ . 38 


. 30 


8 


.30 


.39 


.38 


.37 


.22 


.10 


9 


.21 


.21 


.27 


.21 


.16 


.13 


10 


.09 


.09 


.09 


.08 


.03 
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TABLE 711 - COIMIirUED 
EEOOEDED PEESSURSS IK MULTIPLES OF q. 
C MODIFIED KAVY ELLIPTICAL TIP) 



Wing Ou = 0.322 



Orifice 
TSo. 




A 


E 


G 


D 


E 




1 


-0.46 


-0.54 


-0.61 


-0.69 


-0.79 


-0.14 


2 


- .09 


-.30 


-.37 


-.11 


-.35 


-.08 


3 


.22 


.07 


-.06 


.08 


.00 


.17 


4 


,38 


.20 


.10 


.19 


.28 


.33 


5 


.42 


.38 


.28 


.40 


.33 


.38 


o 


.44 


.46 


.52 


,55 


.46 


.43 


7 


.56 


.44 


.45 


.46 


.42 


.31 


8 


.34 


.38 


.37 


.29 


.32 


.20 


9 


.26 


.21 


.29 


.20 


.17 


.07 


10 


.11 


.08 


\ .05 


.08 


.02 
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TABLE VII - OOITTIifUED 
EECOEDBD FSESSUEES IST MULTIPLES OP q 
(MODIFIED NAVY ELLIPTICAL TIP) 



Wing C]sf =0.^27 



Orifice 
No. 




A 


B 


C 


D 


E 


I 


1 


0.58 


0.37 


0.15 


0.14 


0.03 


0.36 


2 


.86 


.51 


.38 


.59 


.25 


.42 


3 


,1.08 . 


.75 


.58 


. 60 


.49 


. 54 


4 


1.07 


.80 


.68 


. 55 


.64 


.69 


5 


.89 


.82 


.64 


.69 


.64 


.63 


6 


.71 


.73 


. .76 


.72 


.65 


.59 


7 


. 69 


,5.7 


.58 


.56 


.52 


.39 


8 


.44 


.45 


.44 


.36 


.37 


.29 


9 


.31 


.24 


.32 


.22 


.22 


.17 


10 


.11 


.09 


.05 


.10 


.05 
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TABLE VII - CONTINUED 

RECOEDED PRESSURES IN MULTIPLES OE <i 
(rODIEIED NAVY ELLIPTICAL TIP) 



ling. Cjj =0.738 



Orifice 
No . 


Rib ■ 


X 


A 


S 


D 


E 


E 


1 


2.03 


1.63 


1.13 


0.86 


0.82 


0.79 


2 


1,67 


1.82 


1.29 


1.26 


.88 


.94 


3 


1.88 


2.01 


1.38 


1.10 


1.05 


1.01 


4 


1.91 


1.86 


1.42 


.96 


.98 


1.05 


5 


1.50 


1.32 


1.23 


.95 


.94 


.95 


6 


1.37 


.99 


1.03 


. 93 


.87 


.68 


7 


.89 


.85 


.70 


.73 


.65 


.53 


8 


.60 


.51 


.50 


.42 


.43 


. 30 


g 


.40 


.36 


.28 


.27 


.25 


.30 


10 


.14 


.11 


.07 


.11 


.05 
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TABLE VII - COMIirUED 
EBCOEDED PRESSURES IN MULTIPLES OP q 
(HODIPIED HAVY ELLIPTICAL TIP) 



Wing On =0.967 



Orifice 
llo. 




Ri"b 








A 


B 


C 


D 


E 




1 


2.72 


2.13 


1.86 


1.80 


1.57 


1 . 35 


2 


2.81 


2.22 


1.86 

» 


1.92 


1.55 


1. 39 


3 


2.83 


2.15 


1.95 


1.54 


1.55 


1.44 


4 ■• 


2. 50 


2.00 


1.77 


1.34 


.1.48 


1. 42 


5 


1.84 


1.64 


1.37 


1.25 


.1.29 


1.15 


5 


1.27 


1.31 


1.23 


1.05 


"1.09 


.91 


7 


1.02 


.85 


.86 


.83 


.84 


.62 


8 


.63 


.58 


. 58 


.50 


.58 


. 60 


9 


.45 


.32 


.35 


.27 


.35* 


.44 


10 


.12 


.10 ■ 


.06 


.10 


.08 
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TABLE VII ~ 001T!EI:TUED 
RECORDED PRESSURES IIT irULTIPLES OF q 
(MODIFIED WAVY ELLIFI-IGAL TIP) 



Wing Cu = 1.175 



Orifice 
No. 




X 


A 


B 


D 


E 


F 


1 


4.37 


3.73 


2.79 


2.61 


2.34 


1.76 


2 


3.53 


3.86 


2.97 


2.67 


2.08 


1.94 


3 


3.52 


3,78 


2.81 


2.03 


2.14 


1.85 


4 


3. 31 


3.34 


2.63 


1.7S 


1.-80 


1.87 


5 


2.49 


2.30 


2.09 


1.55 


1.63 


1. 52 


6 


1.98 


1.57 


1.52 


1.27 


1.31 


1.10 


7 


1.27 


1.16 


.99 


.98 


.97 


.81 


8 


.81 


.70 


. 65 


.58 


.71 


.70 


9 


. 55 


.50 


. 36 


.31 


.40 


.70 


10 


.20 


.13 


.17 


.14 


.12 
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TABLE TII - COHTIIIUED 
RECORDED PRESSURES liULTIPLES 0? q 
(kODIPIED KAVY ELLIPTICAL TIP) 



'iTing 0]j = 1.397 



Orifice' 
a 0 . 


Silj 


A 


B 


C 


D 


E 


F 


1 


4.98 


3.56 


3.71 


3.23 


3.28 


2.57 


2 


4.79 


3.86 


3.23 


3.25 


2.76 


2. 65 


3 


4.76 


3.56 


3.28 


2.61 


2.70 


2.58 


4 


4.06 


3.44 


3.04 


'2.04 


2.49 


2.38 


5 


2.87 


2.58 


2.21 


1.78 


1.95 


1.87 


6 


1.89 


1.71 


1.70 


1.50 


1.59 


1.39 


7 


1. 35 


1.12 


1.14 


■ 1.11 


1.14 


1 .12 


8 


.73 


.71 


.75 


.70 


.79 


. 93 


g 


.49 


.39 


.47 


.40 


.54. 


.97 


10 


.17 


.18 


.09 


■ .20 


.23 





1 
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TABLE VIII 
COORDIUATES OI" CURVES 01 FIGUHB 2 



Wing 

On 


Rl'b 


Root 




A 


■B 

B 


n 




TP 
St 






0.000 


0.000 


0.000 


0.000 


0.000 


0.000 


0.000 


0.000 


.1 


. 116 


T T T 

. Ill 


. 101 


n Q C 


ADO 


.077 


.073 


.Odo 


.2 


.232 


* 2aO 




mi. fx 


• 1 09 


. 1 04 




. 1 09 


.3 




. 33o 


1 A O 


OCR 


TO 

• iSOO 




> 224 




.4 


A C fT 

. 4bo 




t 4U 3 


. o4X 




'ZA Q 


. OVJ J. 


9 n 
.20 0 


.5 


.Or? 


. ddx 




AO"? 


> Q yo 


• OO I 


• Off 


. OO o 


.5 




• D f 


RA >=; 




A"? R 


ARR 
« ^OQ 


A>^R 


AAA 


.7 


.812 


.788 


.706 


.596 


,558 


.544 


.535 


.531 


. 8 


.928 


.899 


.807 


.881 


.639 


.623 


.615 


.620 


.9 


1.045 


1.010 


.908 


.757 


.719 


.702 


.695 


.716 


1.0 


1.160 


1.122 


1.009 


.852 


.800 


.783 


.779 


.817 


1.1 


1.274 


1.233 


1.111 


. 938 


.881 


.864 


.867 


.927 


1.2 


1.390 


1.345 


1.212 


1.023 


.983 


.945 


.958 


1.044 


1.3 


1.506 


1.455 


1.313 


1.109 


1,044 


1.027 


1.051 


1.174 


1.4 


1.619 


1.564 


1.413 


1.194 


1.136 


1.110 


1.147 


1.314 


1.5 


1.726 


1.669 


1.512 


1.279 


1.208 


1.194 


1.248 


1.469 


1.6 


1.829 


1.771 


1.611 


1.366 


1.289 


1.280 


1.353 


1.650 
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TABLE IX 

COORDIHATES OP CURVES OF FIGURE 3 



Sib 








Hit) 


0*1 
















X 


A 


B 


0 




S 


F 


0 


-0.057 


-0.065 


-0.064 


-0 


.000 


-0.065 


-0.071 


-0,042 


. 1 


-.078 




.088 


- .064 


- 


.078 




.084 


-.087 




.0 54 


.2 


-.100 




.110 


-,104 


- 


.097 




.103 


-.106 


mm 


.088 


. 


- .122 




.129 


- . 121 


- 


.117 


- 


.123 


- .126 


- 


.116 


.4 ■ 


-.145 


- 


.147 


-.140 




.140 


- 


.145 


-.148 


- 


.147 


.5 


-.158 


- 


.170 


- .161 


- 


.155 




.169 


- .174 


- 


.181 


• 6 


- .193 


- 


.192 


- .184 


- 


.189 


- 


.195 


-.200 


- 


.216 


.7 


- .218 




.216 


- .206 


- 


.212 




.220 


- .22 6 




.261 


.8 


- .245 




.240 


- .228 


- 


.232 




.245 


-.251 




.285 


.9 


-.270 




.264 


-.250 




.250 




.268 


-.279 


M 


.322 


1.0 


- .294 




.285 


- .271 




.272 




.291 


-.309 




. 355 


1.1 


-.315 




. 304 


- .292 




.296- 




.314 


-.339 




.391 


1.2 


-.336 




.323 


-.312 




.324 




.339 


-.370 




.428 


1.3 


- .358 




.343 


-.333 




.353 




.365 


-.401 




.466 


1.4 


-.381 




.366 


- . 354 




.383 




.392 


-.432 




.505 


1,5 


-.406 




.389 


^.37 5 




.414 




.419 


-.462 




.543 


1.5 


- . 432 




.412 


- . 396 










-.493 




.582 


1.7 


-.458 




.432 










•* 






.621 


1.8 


-.485 




















.661 
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STABLE X 

COORDINATES OP CURVES 07 FIGURE 4 



Rilj 








■ Rilj 


El 














X 


A 


B 


0 


D 


TP 




, 0 


-0.064 


— u 


dec 
. (J DO 


-0.072 


-0.071 


-0.083 


— 0 


. 0 Did 


— 0 


• 0 4:0 


.1 


-.091 






- .094 


- .093 


- .102 




. UoX 




• 'J (Q 


.2 


-.117 




a XXU 


- .115 


-.115 


-.122 








A 6 K 


.3 


-.142 




m Los 


- .137 


-.136 


-.142 




. Lao 






.4 


-.167 




. J.DO 


-.159 


-.158 


- .162 




. L'iO 




« LOO 
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